This study investigated the use of asynchronous (mailing lists) and synchronous (chat sessions) Internet-based communication and their impact on teachers' attitude toward collaboration, activity completion rates, and test performance. The study also investigated the impact of collaboration on activity completion rates and teacher performance measured by objective tests. The treatment was an interactive web-based course designed to enhance the collaborative teaching and learning communities of participating educators as they acquired Internet skills. Participants had access to chats and were members of two course-related mailing lists. They completed a pretest that assessed their Internet skills in the areas of searching and using e-mail. Following the pretest, they completed tutorials specific to these skill areas; then they completed a posttest. The study used two instruments, the "Stages of Concern Instrument: Attitudes Toward the Internet" and a criterion-reference performance test. Researchers logged use of mailing lists and Internet chats to measure engagement in Internet-based communication as a collaborative tool. Data analysis indicated that attitudes toward collaboration did not affect test performance, though there was a relationship between attitudes toward collaboration and use of Internet-based communication. (Contains 17 references.) (SM) Reproductions supplied by EDRS are the best that can be made from the original document. This study investigated the use of asynchronous (mailing lists) and synchronous (chat sessions)
. Asynchronous and synchronous communication provides users with opportunities to collaborate across distances through such technologies as mailing lists and chat sessions, respectively. It was hypothesized that these modes of communication provide unique features conducive to the development of a collaborative community of learners. The benefits of Internet-based communication and collaboration are not reflected solely in test performance. Behind the behavioral change is an attitudinal change. Gain in test performance might be short term; change in attitude could facilitate life-long learning (Yu, 1998) . Therefore, this study investigated the use of asynchronous (mailing lists) and synchronous (chat sessions) Internet-based communication and its impact on teachers' attitude toward collaboration, activity completion rate and test performance. In addition, the impact of collaboration on activity completion rate and teacher performance measured by objective tests was investigated.
Theoretical Framework
Several theoretical perspectives suggest that peer interaction occurring in computer networked groups may be beneficial to learning. These perspectives include Vygotsky's (1978) 4 Internet-based communication 4 and Piaget's (1963) emphasis on social construction of knowledge and Bandura's (1969) interpretation of peer modeling (King, 1989) . From a social cognition point of view, when educators interact with peers they are faced with ideas, explanations and information inconsistent with prior knowledge and beliefs. Confronting these inconsistencies challenges one's current point of view; resolving such cognitive conflicts results in cognitive restructuring (Bearison, 1982) . Group members presumably add detail to existing cognitive schemas, explore and correct misunderstandings, fill in gaps in their knowledge, and/or reorganize their knowledge structures (Bearison, 1982; Piaget, 1963; Vygotsky, 1978) . During peer interaction, educators are exposed to new strategies, terminology, and ways of thinking about problems; through restructuring thinking, these experiences affect problem-solving behaviors as well as classroom instructional delivery. From a social modeling perspective, peer interaction provides opportunities for imitation of successful problem-solving behaviors. Thus changes in teachers' levels of competence take place as a result of peer interaction in small groups (Vygotsky, 1978) .
Collaborative learning is the acquisition by individuals of knowledge, skills or attitudes as a result of group interaction, where that specific learning could not have been derived individually (Schrage, 1990) . Computer-mediated collaboration provides a medium for educators to learn to engage in collaboration with other educators at a distance. Alavi (1994) observes that those involved in collaboration can monitor individual thinking, opinions and beliefs and provide feedback for clarification and change. In helping one another, learners may foster stronger elaborations between new and existing knowledge, facilitating the transfer of information from short-term to long-term memory (Hooper, Temiyakam, & Williams, 1994) .
Internet-based communication provides both asynchronous and synchronous environments for collaboration. Synchronous communication (such as chat) allows interaction to occur at the same time among learners, as in classroom discussions: but learners in the Internet environment use a keyboard to type messages. Local Internet accounts enable learners to engage in collaborative chat sessions with distant peers, expanding the collaborative environment from a single classroom to classrooms around the world. Asynchronous communication (mailing lists) allows interaction to occur at different times and locations between two or more learners.
Learners need not be present to receive information, and may communicate when ready. Learning occurring as a result of group interaction may take place in a virtual community and may be adjusted to student need, schedule and educational goals. Both of these forms of Internet-based communication expand learners' access to information, resources, and collaboration, and may increase learners' attitude toward collaboration as well as achievement performance. In this study, we are interested in both forms of Internet-based communication as they relate to learner attitude toward collaboration and the completion rate and performance on Internet skill tests. Internet-based communication 6 (e) The more positive teachers' attitudes toward collaboration, the higher the course completion rate.
Methods

Participants
Participants in this study were one hundred sixty-one K-12 educators residing throughout a southwestern state. All participants took part in an interactive web-based course designed to enhance the collaborative teaching and learning communities for participating educators as they acquired Internet skills.
Treatment
The treatment was an interactive web-based course designed to enhance the collaborative teaching and learning communities for participating educators as they acquired Internet skills. Of The Internet skills that participants were to learn focused on searching techniques and the use of email. Participants completed a pretest assessing their Internet skills in these areas.
Following the pretest, participants completed tutorials specific to these skill areas, then completed a posttest.
Data collection
Two instruments were employed in this study. The first instrument was the Stages of Concern Instrument: Attitudes Toward the Internet (ATI; Hall, George, & Rutherford, 1977) .
This scale was developed to measure the evolving attitudes of learners exposed to an innovation.
In this original scale, the variable word "innovation" may be substituted with the innovation of interest. Therefore, in a study regarding learner attitudes toward a new innovation, specifically the Internet, Wells and Anderson (1997) substituted the variable "innovation" with "Internet" to measure attitudes toward the Internet. Reliability of the instrument was reported as .91 (Reed, 1990) , and discussed in detail by Wells and Anderson (1997) . The second instrument was a performance test over the Internet skills learned that was developed by our research team. For both measurements, a pretest was administered prior to a web-based instruction program. Three months later a posttest was given. The interval was short in order to avoid the "maturation" effect in which subjects improve over time regardless of treatments (Cook & Campbell, 1979) . All participants completed the pretest and 95 finished the posttest. One hundred and fifty-nine participants completed the ATI survey and fifty-six completed the post-survey.
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Internet-based communication 8 A subscale of ATI was used to measure the attitude toward collaboration though the entire survey was administered to the participants. The survey was composed of 35 questions and could be divided into seven subscales, which indicated seven stages of concern with the Internet.
The seven stages were awareness, informational, personal, management, consequence, collaboration, and refocusing (Wells & Anderson, 1997) . Please see Table 1 for the items in the collaboration subscale. Factor analysis confirmed the factor structure of the instrument. Based on the pre-survey data, the survey items could be grouped as eight latent variables according to the Kaiser criterion 
Number of Factors
Based upon the pre-survey data, the estimated reliability of the entire ATI survey in terms of Cronbach coefficient Alpha was .86 whereas the Cronbach coefficient Alpha for the collaboration subscale was .87. In the ATI post-survey data, the overall Alpha was .89 while the collaboration subscale Alpha was .79.
The second instrument in this study was a criterion-reference performance test, which consisted of 30 items. Cronbach coefficient Alpha of the pretest was .45 whereas that of the posttest was .86. The low Alpha in the pretest, which was expected, implied that participants were unfamiliar with the subject matter and random guessing of answers led to inconsistency. In the posttest the high Alpha denoted that the response pattern was internally consistent. The remaining variables were similarly re-coded.
Results
Descriptive statistics are reported in Table 2 . Pearson Product Moment correlation coefficient between the Internet skills pretest and posttest scores was .13 whereas that of the ATI pre-survey and post-survey was .29. Results of the Kolmogorov-Smirnov Normality tests indicated that the distribution of the Internet skills pretest scores did not significantly depart from normality, w (174) = 97, p = .09.
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Similarly, neither did the difference between the pretest score and the posttest score, w (94)
.97, p = .14. The distribution of the posttest score was not normal, w (94) = .92, p = .0001. No outliers were found in the preceding distributions, which is displayed in Figure 2 (a)-2(c). Post-survey on attitude toward collaboration Prior to addressing the hypotheses, two one-tailed dependent t-tests were employed to examine whether improvement in teacher scores on the Internet skills test and the ATI collaboration subscale occurred after the treatment. The dependent t-test for the difference between the pretest and posttest yielded a significant difference, t (94) = 16.33, p = .0001. Given that the effect size was .03, the alpha level was .05, and the sample size was 95, the power for 15 this t-test was .90, which indicated a high probability that the null hypothesis was correctly rejected.
On the average participants had a decrease in the positive attitude toward collaboration after the treatment, M = -0.67. A dependent t-test showed that this decrease was not significant, (42) = -0.88, p = 0.38. This result might be due to the lack of statistical power. Given that the effect size was .03, the alpha level was .05, and the sample size was 43, the power for this t-test was .61, which indicated that a true significant difference might be undetected.
To test the hypothesis regarding the relationship between engagement in Internet -based communication and attitude toward collaboration (hypothesis a), exploratory data analysis instead of ANOVA was performed to examine the relationships. The data structure did not conform to the parametric assumptions of ANOVA such as normality and homogeneity of variances, and this sample size was not large enough to run a robust ANOVA test. In the exploratory data analysis, it was found that users of chat and mail tended to center around the mean of the difference between collaboration pre-survey and post-survey, as shown in Figure 4 .
Participants who engaged in chat sessions had less variability on the change score of ATI (-7.5 to 1.5) than the general test population. Likewise, participants who posted messages on mailing lists also centered around the mean (-4.5 to 4.5). Therefore this might indicate that participants who engaged in chat sessions or mailing lists have less change in their attitude toward collaboration than those in the general test population, maintaining scores close to the mean.
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Internet-based communication 16 . Likelihood ratio Chi-square was used because it is related to log-linear model and logistic regression model, and completion of module was a dichotomous variable.
The Chi-square analysis yielded a significant result, Likelihood ratio X2 = 8.19, p = .042. The frequency of each cell is displayed in Table 3 . Because one of the cells had no subjects and some cell sizes were very uneven, a Chi-square test might not be valid. To rectify this shortcoming, an exact test was performed using StatXact (SPSS Inc., 1999) . Both asymptotic inference and exact inference yielded significant results. In the former the one-sided p-value was .02 whereas in the 17 latter the one-sided p-value was .03. These results indicate that engaging in Internet-based communication increases the likelihood of completing Internet activities. As the data structure did not conform to the parametric assumptions of ANOVA, a onetailed two-sample independent t-test was applied to examine hypothesis (c), regarding whether engagement in Internet-based communication could lead to improvement as measured by the difference between the pretest and the posttest. Originally, use of Internet-based communication was classified into four groups, namely, use of chat, use of email, both, and none. For conducting a t-test, the first three groups were collapsed into one group. As a result, only two groups remained, namely, use of collaboration and no use of collaboration. The two-sample t-test did not yield a significant result, t(28) = .61, p = .54. Therefore, use of collaborative tools did not appear to have an impact on test performance.
Regression analysis was adopted to test hypothesis (d), which was concerned with the relationship between attitude toward collaboration and test performance. The assumption of random residual was checked by plotting predicted scores against residuals (see Figure 5a ). The A logistic regression was employed to examine hypothesis (e), which addressed the relationship between activity completion and the attitude toward collaboration in the Internet.
The logistic regression analysis did not yield a significant result, p = .60, odds ratio = .98, therefore scores on attitude toward collaboration did not predict activity completion rate. Due to the sample size and the distributional assumptions, variables in this study were examined in a pairwise manner. This research project serves as a preliminary study to identify relationships among variables. As relationships are identified, a coherent model specifying the inter-relationships among variables can be constructed. To achieve this goal, structural equation modeling with a large sample size will be employed. In order to disseminate as widely as possible timely and significant materials of interest to the educational community, documents announced in the monthly abstract journal of the ERIC system, Resources in Education (RIE), are usually made available to users in microfiche, reproduced paper copy, and electronic media, and sold through the ERIC Document Reproduction Service (EDRS). Credit is given to the source of each document, and, if reproduction release is granted, one of the following notices is affixed to the document.
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